Renal papillary necrosis is necrosis of the inner medulla of the kidney. The stages ofrenal papillary necrosis are classified as early, intermediate, and total.' Early renal papillary necrosis is characterized by a patchy necrosis of interstitial cells, thin limbs of Henle and vasa recta, and mild expansion of the interstitium of the inner medulla by edema fluid. Intermediate renal papillary necrosis is characterized by more expansive patches of necrosis throughout the renal papilla with sparing of the collecting ducts. Total renal papillary necrosis is characterized by coagulative necrosis of all elements of the renal papilla. ' Total renal papillary necrosis has been reported in domestic cats associated with amyloid deposition within the interstitium of the renal medulla.J-' in Siberian tigers? with severe dehydration, in the horse-s after phenylbutazone therapy, and in the dog," after heavy metal and NSAID toxicosis. In human beings, renal papillary necrosis is associated with diabetes mellitus, chronic pyelonephritis, urinary tract obstruction, sickle cell hemoglobinopathy and long-term, excessive use of analgesics and nonsteroidal anti-inflammatory drugs (NSAID).5
Renal papillary necrosis without concurrent renal amyloidosis or associated with NSAID use has not been reported in the cat. In this paper we report three cases ofrenal papillary necrosis without associated renal amyloidosis. In two ofthese cases, the cat (case No.2) and tiger (case No.3) received a single dose of an NSAID.
A biopsy sample of kidney from a 15-year-old, spayed female domestic shorthair cat (case No. I) with a history of anorexia, dehydration, and depression was examined.
The cat was azotemic, had a serum creatinine concentration of 2.1 mg/dl and was euthanatized after failing to respond to a week-long treatment with fluids, antibiotics and vitamins. At necropsy, the distal tip ofthe renal papilla (medullary crest) from the submitted kidney was markedly pale.
Case No.2 was an 18-year-old female domestic shorthair cat that had a sudden onset ofhind limb paralysis. Cardiomyopathy and thromboembolism of the abdominal aorta were diagnosed.
The cat was treated perorally with 81 mg of aspirin on day 1 and received subcutaneous injections of 0.66 mg of acepromazine every 8 hours on days 1 and 2. Supportive measures included intravenous injections of lactated Ringer's solution and vitamin supplements.
Serial urinalysis disclosed persistant proteinuria, hematuria, transient glucosuria, and granular casts, indicative of tubular damage, on the second and third day after admission. Urine specific gravity was persistently concentrated (1.032). Blood urea nitrogen was persistently mildly elevated (38 mg/ dl).
The cat died on the third day after admission. Necropsy findings included a thrombus in the descending aorta at the level of the iliac bifurcation, a 2 x 3 x 2-cm, white cavitated mass in the right diaphragmatic lobe of the lung, and severe pulmonary congestion and edema. The liver had an accentuated lobular pattern. The inner portions of both renal papillae were markedly pale ( Fig. I) .
Histologically, the pulmonary mass was a papillary adenocarcinoma. The liver had moderate centrilobular hepatocellular vacuolar degeneration and intracellular cholestasis.
The principal microscopic lesions in the kidneys of both domestic cats (case Nos. I and 2) included intermediate papillary necrosis and chronic interstitial nephritis. Collecting ducts lined by attenuated epithelium and dilated with necrotic debris were separated by interstitium expanded by homogenous eosinophilic material (edema fluid) and "ghosts" of necrotic thin limbs of Henle and vasa recta (Fig. 2) . A few collecting ducts were lined by regenerating epithelium oflarge cuboidal cells with basophilic cytoplasm and large, oval, vesiculate nuclei with prominant nucleoli. The urothelium lining the renal papilla was attenuated and multifocally desquamated. In the cortex of the kidneys of both domestic cats, Bowman's capsules were thickened by periodic-acid-Schiff positive material that also stained positively for collagen with a Masson's trichrome stain. There was also a generalized, diffuse, proliferative glomerulonephritis and multifocal interstitial cortical infiltrations of lymphocytes with lesser numbers of plasma cells.
A 9-week-old, 5-kg, female Siberian tiger (Panthera tigris altaica), with a history of intermittent anorexia and pyrexia of 3 weeks duration was necropsied.
An abscessed deciduate tooth had been extracted 6 days prior to submission. Post-operative treatment consisted of subcutaneous fluids, amoxicillin, and flunixin meglumine (an NSAID).
At necropsy, both kidneys were diffusely swollen. On transverse section, two pale, irregular, I-em oval foci of necrotic medullary tissue (demarcated by a thin zone of hyperemia) extended distally along the medullary crest on each side of the median longitudenal plane (Fig. 3) .
The microscopic renal lesions in the tiger cub (case No.3) were focally extensive total renal papillary necrosis with secondary cortical changes. The central portion of the renal papilla (medullary crest) consisted of an eosinophilic coagulum of necrotic tissue, coagulative necrosis, with "ghosts" of collecting ducts, thin limbs of Henle, and vasa recta. The urothelium overlying the distal papilla was hyperplastic ( Fig.  4) . Renal cortical lesions consisted of dilated distal tubules and cortical collecting ducts. Scattered limbs of Henle in the outer medulla contained granular, basophilic, mineral concretions.
In all three cases, kidney sections stained with Congo red were negative for amyloid under polarized light. The cause of the papillary necrosis in case No. I was not definitively determined. In case No.2, cardiomyopathy and pulmonary neoplasia may have contributed to the development of renal papillary necrosis by decreasing renal blood flow and causing renal medullary hypoxemia. Also, the hypoxia in the renal papilla could have been exacerbated by a local vasoconstriction due to the use of aspirin.
The suspected mechanism of renal papillary necrosis following NSAID use is increased local concentration of the drug in the renal medulla coupled with inhibition ofsynthesis of prostaglandins, compounds necessary to maintain vasodilation.v' Dehydration has been proposed as contributing to the development of renal papillary necrosis in the horse" after phenylbutazone treatment and in human infants-with severe gastroenteritis. In two aged tigers? with renal papillary necrosis, severe hypovolemia was suggested as the precipitating cause.
It is suspected that dehydration in case Nos. 1 and 2 contributed to the development of renal papillary necrosis via hypovolemia and subsequent vasoconstriction. In case Nos. 2 and 3, the use ofNSAID could have inhibited prostaglandin synthesis to such an extent that local vasoconstriction was promoted with subsequent renal papillary ischemia.
